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An important characteristic feature of modern meteorological
analyses, designed to describe atmospheric motions and explain cor-
relations between the various phenomena, is that it attempts to broaden
the use of theoretical physics. Great progress was made in this direc-
tion primarily in the field of prognostics. By utilizing the hydro- and
thermodynamical laws applicable to fluids and gases, a new chapter was
created in dynamic meteorology: the theory of numerical weather fore-
casting. Good progress was made also in synoptic meteorology. In
addition to descriptive synoptics based on the subjective judgment of
reciprocal relations existing between atmospheric phenomena and
weather indices, a. new trend was developed -- let us call it quanti-
tative synoptics -- which tries to objectively forecast the probable
development of atmospheric phenomena from a given synoptic situation,
utilizing the results achieved by dynamic meteorology in the exploration
of causal relations. Also, quantitative synoptics and the part of dynamic
meteorology dealing with numerical prognosis were heretofore closely
interrelated in many respects. The reciprocal influence of the two
scientific branches on each other and the mutual application of achieve-
ments will probably render the borderline between them even less
recognizable in the future.
However, simultaneously with the above described development
trend of meteorology, scientific research also brought up a new problem
often discussed in recent years. The question whether or not to permit
the application of the laws and theses of theoretical physics in describ-
ing atmospheric phenomena, naturally, cannot even be disputed since
this would be synonymous with contesting the overall validity of the
principles of physics. The problem was rather in what form and by
what reasoning can we apply the theses of theoretical physics to the
actual atmospheric conditions. This latter question is justified by the
fact that the air in the atmosphere cannot be considered -- without
qualification - - a n ideal gas moving under laboratory conditions. This
circumstance brings up several basic problems; of these, let us examine
only one problem.
A basic difference between laboratory conditions and air movements
under natural circumstances is the dimension of these movements in
space and time. Both theoretical considerations and practical experience
indicate that, as a result of outside and inside pressures arising in the
atmosphere, every theoretically known form of atmospheric motion can
be recognized within the established index limits. It was found that
these various kinds of air movements yield, in both space and time, a
continuous spectral distribution: from the millimeter-size motions
belonging to the group of sound waves and moving at a speed of 1000
km/hrTup to the 10 rOOO km-large and 10 km/hr-velocity planetary
1
motions of the Rossby waves. These motions of various dimensions
are in continuous reciprocal relation with each other. The disregard
of these reciprocal relations would cause serious errors and miscon-
ceptions in both theoretical and practical analyses.
The superposition of these various scale atmospheric motions
brought up two basic questions during the research of atmospheric
phenomena in the last 15 years. One of these is related to selecting
the form of hydro- and thermodynamical basic equations for describing
atmospheric phenomena. The other is a theoretical and methodological
problem: to find out the theoretical research and practical require-
ments of forecasting various scale meteorological phenomena in the
light of the above-mentioned physical conditions, and to subsequently
learn what the possibilities are of forecasting the probable development
of weather elements.
In the last few decades, the main attention was focused on the two
characteristic dimensional scales of meteorological phenomena: the
so-called macrosynoptic and the microsynoptic (or local) weather
phenomena.
The macroanalytical methods examining macrosynoptic pheno-
mena are suitable for describing atmospheric motions exceeding a
dimension of 500 km. This group includes cyclones, anticyclones,
planetary waves, atmospheric fronts, and many other atmospheric
phenomena which the synoptician observes day after day during his
analysis of local weather conditions. To observe these macrosyn-
optic phenomena, a station network was established 150 km apart
covering almost the whole earth for ground observation and 400 km
to 500 km apart for measuring data in the high atmosphere.
The microscale of synoptic phenomena includes all motions whose
dimension is less than 5 km, such as local storms, tornadoes, etc.
Their examination requires a densely set station network equipped
with special instruments. Following World War II, the U.S.A. orga-
nized several special microsynoptic networks for studying storms and
clouds. The processing of obtained data brought attention to a new
and almost completely neglected dimension of synoptically important
atmospheric motions. It was discovered that the factors determining
the so-called local weather ('above a 50-km area) are usually more
related to atmospheric phenomena with a 10-km horizontal dimension
than with either macrosynoptic or microsynoptic phenomena. During
the last 10 years, a new synoptical branch called mesosynoptics was
developed for studying this scale of air movements. By processing
the data of stations established generally at 30 km to 50 km distances,
the mesosynoptic analysis discovered the existence of heretofore
unknown atmospheric phenomena, .and by the deeper study of motion
characteristics belonging to this group, it created a better understand-
ing of the dynamical nature of certain regional synoptical phenomena.
Naturally, the above-described dimensional distribution of atmo-
spheric phenomena to macro-, meso-,and microsynoptic categories
does not mean that these various scale motions can be regarded as
independent phenomena. Both the macrosynoptic and the microsynoptic
scales include a large number of phenomena with various dimensions,
which could be similarly separated by the same reasoning. Therefore,
the classification by dimension is always also a matter of judgment; the
above tripartition is completely in line with the present synoptical
standpoint.
The separation of the various atmospheric motions by dimension is
justified primarily by the fact that the phenomena having various dimen-
sions are expressed in the complex picture, called simply weather, in
a different manner; but this separation is also important from the point
of view of measuring technics and methodology.
Naturally, the special scale of motions we are concerned with
depends on the density of observation stations whose data are used in
the analysis. In general the denser the station network, the smaller
the scale of atmospheric motions. When the final conclusion that it is
entirely impossible to forecast the probable development of weather
without the thorough knowledge of atmospheric phenomena taking place
simultaneously above continent-size areas was reached during the
middle of the previous century, a so-called regular synoptic station
network was quickly established. However, the location of stations was
influenced by the distribution of human settlements and by the require-
ments of human activities rather than by meteorological considerations.
Macrosynoptics was based -- and is based even in our day -- on "ana-
lytical methods supported by data of the station network established in
this manner. But this station network is inadequate to decide the
characteristics of smaller scale atmospheric motions and consequently,
also to prepare a method for the short-range forecasting of local weather.
The methodological necessity of classification by size is demon-
strated by the following example. Since extrapolation is even today
one of the most useful methods of prognosis, it may be utilized for
estimating the forecasting periods applicable to the individual scales.
Let us assume that within the individual scales the horizontal distance
to which extrapolation may be carried out is two or three times the
size of the characteristic dimensions and that^the systems move at a
speed of 30 km/hr to 50 km/hr. This means that the maximum
length of time for which forecasting can be given is 30 hours in the
macrosynoptic scale, 1 to 10 hours in the mesosynoptic scale and only
half an hour in the microsynoptic scale. ' Consequently, successful
prognosis cannot be expected from extrapolation carried out for a
distance shorter than that between the individual stations whose data
served as the basis of the analysis.
In this connection, we must draw attention to the fact that at the
synoptic tripartition of atmospheric motions the characteristic dimen-
sions of different scale motions do not join each other in a continuous
pattern. This would be in apparent contradiction with a previous state-
ment which said that the atmospheric motions continuously fill out the
dimensional scale, unless we consider the (in all probability) objective
fact that these motions occur with various frequency at the different
places of the dimensional scale. The macro-, meso-,and micro- scales
of synoptic phenomena indicate actually the order of magnitude in which
the atmospheric motions appear the most frequently.
•Jf
In 1951 the U.S.A. began setting up a special station network in the
Midwest for collecting data on the origin and development of severe
local storms (squall lines, tornadoes) most frequently occurring in
those areas and for examining the possibility of forecasting these storms.
The stations set apart at an average distance of 30 km to 50 km were
primarily instrumented with high-speed barographs, thermographs, and
ombrographs; several stations received anemographs also. The organ
directing this research project, the Severe Local Storms Research
Unit, prepared the technological details of evaluating the data obtained
from the station network, known as mesoanalysis .
Mesoanalysis is based on the fact that mesometeorological motions
do not occur unexpectedly but show a definite pattern and time sequence
(continuity). Consequently, a basic principle of mesoanalysis is that •
the distribution of the various meteorological elements strictly follows
a continuous pattern; in other words, they follow the logical law of time
sequence. A mesometeorological network of stations supplied with
autographs permits the preparation of weather charts at short periods
of time. Experience indicates that the period within which the principle
of logical time sequence may be applied is in the case of mesosynoptic
analyses not more than one-half to one hour.
JT. Fujita, H. Newstein, M. Tepper: Mesoanalysis. Ahlmportant
Scale in the Analysis of Weather Data.. U. S. Weather Bureau, -Research
Paper, No. '39; Washington, 1956.
Another principle of mesosynoptic analyses is the leveling of
smaller scale disturbances and irregularities by eliminating the purely
local effects from the data. The adherence to this principle is partic-
ularly important since without that the time sequence of weather charts
cannot be guaranteed.
Mesosynoptic charts prepared on the basis of the above principles
permit the systematic analysis of mesoscale phenomena which hour
after hour are in continuous motion, in immediate relation with the local
weather. Figure 1 illustrates the mesoanalysis of a typical mesosynoptic
phenomenon, a line of instability or squall line. The structure of the
squall line is clearly indicated on this mesoanalysis, and its change may
be followed on an hourly basis. This means that if we succeed in find-
ing a mesosynoptic phenomenon on mesosynoptic charts, the recogni-
tion of its nature (behavior pattern) enables the meteorologists to
objectively forecast the short-range development of local weather.
The first development stage in forecasting is the analysis of observed
data and the prognosis of macrosynoptic developments. During the pre-
vious decades, many objective methods were developed for the prepa-
ration of prognostic charts. However, the next step of deducting the
development of local weather from the forecasted synoptic situation is
far from a satisfactory solution. The synopticians have to rely almost
exclusively on experience in this work. Consequently, their work
could be made substantially easier and more objective by analyzing the
mesoscale phenomena which, as mentioned before, stand much closer
to the development of local weather than macrosynoptic phenomena.
This means that mesometeorology serves as a link betweenmacroscale
atmospheric motions and local weather. Figure 2 illustrates the so-
called block diagram prepared by M. Tepper2 which is the conventional
and convenient method of forecasting. Should we follow this process,
the forecasting of local weather development from the prognosis of the
mesosynoptic situation cannot be regarded merely as an experimental
conclusion derived from subjective data, since the individual mesostruc-
tures are partly determined by elements forming the basis of the local
weather also.
The forecasting technics of the mesosynoptic situation may be
developed by two completely different methods. The fir st method would
actually follow the same path used in synoptics during the forecasting
2
 M. Tepper: Mesometeorology - the Link between Macroscale
Atmospheric Motions and Local Weather. Bulletin of the American
Meteorological Society, 40. 2. 56. 1959. -
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Figure 1. Me so synoptic hourly analysis of a
squall line on 27 June 1953 at: (a) 7:00,
(b) 8:00, and (c) 9:00 P. M. CST3.
3
 T. Fujita: Results of Detailed Synoptic Studies of Squall Lines.
Tellus, 7. 4. 405. 1955.
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of macroscale motions until it reached its present stage-of development.
This solution would require extremely heavy scientific efforts and very
expensive investments by establishing a mesosynoptic station network,
equipped with special instruments (for which there are no funds avail-
able), for the observation of ground and high-atmospheric phenomena
above large areas.
The second method is to find closer connections between the macro-
scale and microscale fields of atmospheric motions. One solution of
this method is synoptic approximation, which tries to find out under
what macrosynoptic circumstances we can expect the development of
certain mesoscale phenomena and how their development is related to
large scale meteorological changes. The application of objective meth-
ods or statistical computations may also provide a solution for deduct-
ing mesoscale charts from macroscale data. Finally, another possible
solution is the preparation of dynamic models which would facilitate
making conclusions on the development of certain mesosynoptic phe-
nomena from the indicated original status of macrosynoptic conditions.
Such a dynamic model is, for example, the gravitational wave hypoth-
esis of the so-called pressure-leap lines developed by M. Tepper4.
The usefulness of the knowledge of forecasted mesosynoptic situa-
tions in local weather forecasting was proved by the Severe Local Storms
Research Unit with an interesting experiment. Nine meteorologists
with substantial experience in forecasting were placed in three separate
groups. Group No. 1 was the "macrosynoptic" group, to which the
.macroscale data were made available by the usual method. Group No.
2 received in addition the results of hourly radar observations. Group
No. 3 was the "mesosynoptic" group which also obtained data for its
work from the mesometeorological station network. We must empha-
size that this group did not have any previous mesosynoptic experience
and that it carried out the mesosynoptic work entirely on basis of the
members' experience in macrosynoptics.
The task was to give a six-hour prognosis of temperature, precip-
itation, and wind for 10 stations in Texas. The prognoses of the three
groups were compared in regard to two stations set up 300 km apart.
This distance was sufficiently large to also achieve the separation of
the two stations on the macroscale; on the mesoscale, the prognoses
for the two stations can logically even be completely different.
4
 M. Tepper: The Application of the Hydraulic Analogy to Certain
Atmospheric Flow Problems. U.S. Weather Bureau, Research Paper,
No. 35. Washington, 1952.
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Figure 3. Comparison of precipitation progno-
ses for Abilene, Texas, on 23 May 1955 from
12:30 A.M. CST to 6:30 A. M. CST.
Figure 3 illustrates the precipitation prognosis for Abilene station
by three different methods. It clearly proves the necessity and success
of using the mesosynoptic process. The same also applies to the other
elements; the mesosynoptic group provided prognoses which were sub-
stantially closer to the actual situation (than given by the others). The
detailed analysis of the indicated synoptic situation has proved that the
macroscale charts do not even show the phenomena, clearly indicated
on the mesoscale charts, which had a decisive influence on the develop-
ment of local weather at the individual stations. An interesting result
of this experiment was that the meteorological radar network --
although it may offer a valuable assistance in observing the develop-
ment of local weather -- definitely cannot replace the mesosynoptic"
station network even in the smallest extent.
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